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(54) A sterilising method by substituting the dissolved oxygen in milk or the like with nitrogen gas, a 
product thereof and an apparatus for nitrogen gas substitution 



(57) An object of the present invention is to 

reduce the generation of smell by sterilization and to 
improve the taste in carrying out the sterilization of 
milk or the like, and the method of the present 
invention is a method where sterilization is carried 
out after the dissolved oxygen in milk or the like is 
substituted with nitrogen gas, and the method is 
characterized in that a means in which nitrogen gas is 
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directly mixed with and dispersed in milk or the like 
and a means in which milk or the like with which 
nitrogen gas is not mixed is sprayed from a nozzle(s) 
to the top of milk or the like, with and in which 
nitrogen gas has been mixed and dispersed, stored in a 
nitrogen gas substituting tank under a nitrogen gas 
atmosphere, are jointly used whereby the dissolved 
oxygen amount in the milk or the like is reduced by 
means of substitution of the dissolved oxygen with 
nitrogen gas, followed by subjecting to sterilization. 
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Description ^IP* 
Field pf the Invention 

I0 ?u 01] », , J h ,t ?™7? invention relates to a method for the sterilization by substituting the dissolved oxygen in 
milk or the like (defined hereinafter) with nitrogen gas in a sterilization of milk or the like to a product 
prepared thereby and to an apparatus for substituting with nitrogen gas. 

Prior Art 

S n m re j> ard to a met u nod for removing the dissolved oxygen in liquid, a physical method such as an 
injection method and a tower flushing method and a chemical method using a deoxidizer have been known 

K?Lo„ i l n w SUb f tUt - n ^ th f. d ; sso ' ved oxv 9en in liquid with gas. a method where the gas which is used for the 
substitution is directly injected into a tank of the liquid using a pipe or the like followed by mixing to 
substitute with the gas has been known. 

[0004] A gas mixing apparatus in which nitrogen gas and milk or the like are placed in a mixer and stirred 
whereby oxygen gas is substituted therewith has been known (Japanese Patent No 2 805 593) 

wit°h°nL a „H?hT^ d . in ^ hiCh thS OXy9en i0 ? nK unheated solu «°n containing milk, fruit juice, etc. is substituted 
wrth gas and the dssolvec I oxygen amount in the liquid is reduced to carry out the sterilization has been known as 
well (Japanese Patent Laid-Open Publication No. Hei-10(1998)/295341) 

Matters to be Solved by the Invention 

E f ! n the P^ 6 "*!^"^ the matters to be solved are when a sterilization is carried out at high 

a l hi 8 " 35 31 1 3 ? C f ° r 2 S f C ° ndS) f ° r making the ,on 9 Preservation of milk or the like possible sulfides 
te deteriorated 9 SUbstanC6S ° r the S °- Cal,ed heated sme » ™ ^nerated whereby taste and smell of the beverage 

KL .„JH!lf ° f t !? e f.K d t Ulfid6 f a , re d i methyl SUlfide and dimeth y' disulfide and . sinc e they greatly deteriorate 
the taste and the smell of the heat-sterilized product, it has been demanded to suppress the generation of the 
sulfides in carrying out the sterilization. y " s '" uon OT lne 

[0008] As such, in order to manufacture a product which can be preserved for long period the sterilizing 

S^^T^SZTZ t0 ^ '°\ I SeC ° ndS and there is a P roblem ,hat when sterilization fs carried 

out under such a condition, generation of the sulfides is inherently unavoidable 

hi h . Undef T* circ " mstances - tnere has b een a demand that. even when sterilization is carried out under 
such a high temperature condition necessary for preservation for a long period, production of sulfides is suppressed 
to such a low extent that the taste and the smell are not deteriorated. suppressed 

thfl 01 ih t re9 K rd . to ? m *f ans j or solvin 9 that, a sterilization under the reduction of the dissolved oxygen in 

he liquid which is to be stenteed is effective and. as one of the methods for reducing the dissolved oxygen in 
the liquid, substitution of the dissolved oxygen in liquid with an inert nitrogen gas has been carried out 

ESIJLh «i» S h 0 k I" eth .K d ? ,b ?" uti "8 witn nitr °9en gas as such, physical and chemical methods have been 
proposed already but. in the ster.teat.on of milk or the like, all of those methods have a low substituting 
efficiency and. especially in the case of a mechanical mixing and dispersing of the gas. great volume of foam is 

^SSS!SSSSSXS 15 a prob,em that> in order to improve the efficiency - the equipment becom ^ ™** in size 

[0012] An object of the present invention is to provide a practical method and apparatus of a low cost and 
without a large device whereby the above-mentioned problem is solved. 

Brief Explanation of the Drawings 
[0013] 

Fig. 1 is a flow sheet of an example of the present invention. 

Fig 2 is a graph showing the changes with a lapse of time of overall heat transfer coefficient of heating part 
of the sterilizer of the present invention (an example where substitution with nitrogen gas is not carried out). 

Fig. 3 is a graph showing the changes with a lapse of time of overall heat transfer coefficient of heating part 
of the sterilizer of the present mvention (an example where substitution with nitrogen gas is carried out) 

Fig. 4 is a graph of the result of organoleptic evaluations by means of a pair test according to the present invention. 
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[0014] The symbols 


i^^^^herein have the followinn mpaninnc: ' 


1: 


Mafprial tank 
ivioiciiai la 1 lis 


1a: 


Liauid-sendina duitid 


2: % 


Material 


3, 9, 14, 16, 21: 


Liquid-sending pipes 


5a, 5b, 5c, 5d: 


Flowmeters 


1b, 6a, 6b: 


Flow ratp-mntrnllinn woiwoc 

■ iuvv laic i hi uiim iy vdlVco 


6c: 


Onpnino/plnQinn \/al\/o 
iii i^/liuoII iy vaJVfc? 


7: 


Nitrogen gas pipe 


8: 
8a: 


Device for SUnnlvinn thf» niimnan nac 


Nitroaen aas tank 


10: 


Static mixer 


11: 


i dim ioi bUDsuiuung wiin nitrogen gas 




rTessure gauge 


13: 


opraying nozzie 


15: 


l_iOUid-S6ndinfl niimn Prtt linr»pH \A/ith S» rox/rkln+inn r>nntri>\llar 

i_iv^uivj ocnuiny pui i ip cmjippcu wiin a i cvuiu uui i controller 


17: 


Plate Sterilizer 


18a, 18b: 


Check valve 


19: 


Clarifier 


20: 


Homogenizer 



Means for Solving the Matters 



[0015] In order to solve the above-mentioned problems, the inventors of the present invention have carried out a 
study and have found that, in a method for sterilization where dissolved oxygen in milk or the like is substituted 
with nitrogen gas, when (1) a means in which nitrogen gas is directly mixed with and dispersed in milk or the like 
and (2) a means in which milk or the like of the same material with which nitrogen gas is not mixed is sprayed from 
a nozzle(s) to the top of milk or the like with and in which nitrogen gas has been mixed and dispersed by the means 
in the above (1 ), stored in a nitrogen gas substituting tank under a nitrogen gas atmosphere so that substitution 
with nitrogen gas and defoaming are effected, are jointly used whereby the dissolved oxygen amount in the milk or 
the like is reduced by means of substitution of the dissolved oxygen with nitrogen gas and then the resultant milk 
or the like is subjected to sterilization, generation of sulfides can be suppressed to a low degree and the above 
problems can be solved. 

[0016] In accordance with the present invention, the above-mentioned problems can be solved at a low cost and 
without a large equipment which have not been achieved in the prior art. 

[0017] In the present invention, when milk or the like is sterilized by substituting the dissolved oxygen which 
is a highly foaming liquid with nitrogen gas, the protein and the saccharide contained in the liquid contribute to 
generation of foams and, therefore, it is an important matter to treat with suppressing the foaming. Thus, since 
milk or the like produces excessive foams during its treatment, there are several problems that foamed liquid 
overflows from a storing tank, that fouling in a sterilizer is enhanced by an entrainment of many fine foams and 
accordingly that sterilizing function and efficiency are reduced, pressure in a homogenizer during the homogenizing 
step unstably varies and non-uniformity of filled amount during the filling is resulted. In order to solve such 
problems, there is a necessity of preparing a large tank or another tank for allowing the milk to hold and, because 
of preparation of new tanks and setting of time for allowing to hold for defoaming, elongation of the treating time 
and increase in the treating cost are resulted. 

[0018] Thus, in order to avoid such problems, it is necessary that, during the treating process, generation of 
foams is suppressed as much as possible so that substitution of the dissolved oxygen in the liquid with nitrogen gas 
can be efficiently carried out. 

[0019] The method according to the present invention relates to a method where sterilization is carried out 
after the dissolved oxygen in milk or the like is substituted with nitrogen gas. Practically, the method is 
characterized in that a means in which nitrogen gas is directly mixed with and dispersed in milk or the like and a 
means in which milk or the like with which nitrogen gas is not mixed is sprayed from at least one nozzle to the top 
of milk or the like, with and in which nitrogen gas has been mixed and dispersed by the former means, stored in a 
nitrogen gas substituting tank under a nitrogen gas atmosphere, are jointly used whereby the dissolved oxygen amount 
in the milk or the like is reduced by means of substitution of the dissolved oxygen with nitrogen gas, followed by 
subjecting to sterilization. The method according to the present invention is also the method for sterilization 
where dissolved oxygen in milk or the like is substituted with nitrogen gas according to the above, wherein 
sterilization is carried out by making the dissolved oxygen amount in milk or the like 2 ppm or less. The method of 
the present invention also relates to sterilization where dissolved oxygen in milk or the like is substituted with 
nitrogen gas according to the above, wherein the means for mixing and dispersing of the nitrogen is a static mixer. 
It also relates to a product of milk or the like which is manufactured by a sterilizing method mentioned in any of 
the above methods. Further, the present invention relates to that, in an apparatus for substituting the dissolved 
oxygen in milk or the like with nitrogen gas, a substituting apparatus for milk or the like with nitrogen gas which 
is characterized in that a nitrogen gas substituting tank connected to a material tank by a liquid-sending pipe is 
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installed, a nitrogen gas si^^pig device is connected to the said liquid-sending pipWnhe side of the material 
tank while a nitrogen gas mixing/dispersing device is installed at the side of the above nitrogen gas substituting 
tank, another end of the branched liquid-sending pipe connected to the upstream side from the nitrogen gas-supplying 
device of the liquid-sending pipe is introduced into a nitrogen gas-substituting tank, a spraying nozzle is 
connected to the said part and each of the above liquid-sending pipes, nitrogen gas supplying device and a 
connecting branched pipe is equipped with a flow rate controlling device. Furthermore, the present invention relates 
to the substituting apparatus for milk or the like with nitrogen gas according to the above, wherein the 
mixing/dispersing device for the nitrogen gas is a static mixer and, still further, the present invention relates to 
the substituting apparatus for milk or the like with nitrogen gas according to the above, wherein the flow rate 
controlling device is a flow rate controlling valve. 

[0020] Relation between the dissolved oxygen amount in milk or the like and the taste after sterilization was 
mentioned in detail in the Japanese Patent Laid-Open Publication No. Hei-1 0(1 99 8 J/295341 which was filed by the 
present inventors and it was reported that certain difference was noted when the dissolved oxygen amount was 5 ppm 
while, when it was 1 ppm, a significant difference was noted. Further study has been carried out intensively for the 
dissolved oxygen amount showing a significant difference as compared with the common heating by referring to the 
above results and it has been also found that, when it is 2 ppm or less, the effect of substitution with nitrogen 
gas has been clearly achieved. 

Best Mode for Carrying Out the Invention 



[0021] The present invention relates to a method for the sterilization in such a state that the dissolved oxygen 
in milk or the like is substituted with nitrogen gas to make the dissolved oxygen amount low and also relates to an 
apparatus for carrying out the nitrogen gas substitution therefor efficiently and to a beverage such as milk which 

20 is manufactured by the sterilizing method of the present invention. 

[0022] It goes without saying that the method for the sterilization in such a state that the dissolved oxygen in 
milk or the like is substituted with nitrogen gas to make the dissolved oxygen amount low in accordance with the present 
invention is applicable to other beverages which contain protein and saccharide and have a property of an excessive 
foaming due to mixing and dispersing with gas in a substituting process with nitrogen gas, such as processed milk, 

25 milk beverage, reconstituted milk, fermented milk, beverage containing lactic acid bacteria, fresh cream and fruit 
juice beverage. In the present invention, a means where the nitrogen gas is directly mixed with and dispersed in 
milk or the like and another means where it is sprayed into a tank in a nitrogen atmosphere to substitute with 
nitrogen gas are jointly used whereby advantageous effect in each of those means results in synergism to give a 
desired effect. In addition, since in the method of the present invention, nitrogen gas substituting and a rapid 
defoaming of the foams containing nitrogen gas, etc. are carried out by spraying the same material containing no 

30 nitrogen gas, there is no disadvantage of being diluted with other material(s) or being necessary to use a device 
for removing the other material(s) whereby the process is simplified and efficient. 

[0023] In the case of milk, the dissolved oxygen amount before the substitution with the gas is about 10 ppm and, 
in order to lower the dissolved oxygen amount to an extent of 2 ppm by means of substituting with nitrogen gas, 
about 40-50% of nitrogen gas to the amount of milk by volume is necessary in the method of the present invention. 
35 [0024] Now, in order to check the difference in the method of the present invention where a means in which 
nitrogen gas is directly mixed with and dispersed in milk or the like and a means in which dissolved oxygen in milk 
or the like is substituted by spraying in a nitrogen gas substituting tank under a nitrogen gas atmosphere are 
jointly used and in the case where each of the means constituting the present invention is carried out solely, the 
effect of the latter is shown as Comparative Test Examples 1 and 2. 

40 Comparative Test Example 1 . 

[0025] Nitrogen gas was mechanically mixed with and dispersed in milk (raw milk) containing about 10 ppm of 
dissolved oxygen using a cascade pump and foams of the nitrogen gas were made fine whereby the dissolved oxygen in 
the milk was substituted with nitrogen gas. To 1 50 liters/hour of the flow rate of the milk, nitrogen gas of 30% (45 

45 liters/hour) by volume was mixed and dispersed and the dissolved oxygen amount of the milk was able to be made 2 
ppm or less. However, according to this method, foaming of the milk substituted with nitrogen gas was too much and, 
when the milk after the nitrogen gas substituting treatment was placed in a 500-ml beaker, about one-third thereof 
was foams. When this nitrogen gas-substituted milk was directly sent to the next homogenizing and sterilizing steps, 
there were various problems such as variation in homogenizing pressure, increase in fouling of sterilizer, 
occurrence of natural foaming in the storing tank and elongation of holding time. Accordingly, this method may be 

50 evaluated to be that which is unable to be practically used. 

Comparative Test Example 2. 

[0026] Reconstitued skim milk containing about 10 ppm of dissolved oxygen was subjected to a nitrogen gas 
55 substitution by a method of spraying of all of the said reconstituted skim milk (concentration of the milk solid was 
about 8%) at a flow rate of 900 liters/hour from a spraying nozzle into a nitrogen gas substituting tank in a 
nitrogen gas atmosphere having a diameter of 690 mm x 900 mm (volume was about 340 liters). In that case, nitrogen 
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gas was introduced so a*^^ep the gas phase oxygen concentration about 1 .0°^^olume in the nitrogen gas 
substituting tank whereupon the dissolved oxygen concentration became 2 ppm or less. Although the resulting 
reconstituted skim milk after being substituted with nitrogen gas was foamed, generated amount of the foams was 
little *s compared with Comparative Test Example 1 where nitrogen gas is directly mixed with and dispersed in milk 
and, when the gas-substituted reconstituted skim milk is held, it was possible to separate the fine foams to such an 
extent that the next sterilizing step was not affected. In this method however, the gas substituting efficiency is 
low due to a spraying using a spraying nozzle and the amount which is sprayed within a short period is small 
Therefore, when it is practically used, it is necessary to set up many nozzles and to make the size of the nitrogen gas 
substituting tank large whereby the equipment cost becomes high. Accordingly, this method may be evaluated to be 

that whirh is linahlo to ho nrontii-callw ne^H 



that which is unable to be practically used 
Example 1 



[0027] Now, the present invention will be illustrated by referring to the flow sheet of Fig. 1 . 
[0028] Milk containing about 10 ppm of dissolved oxygen was sent from a material tank (1 ) via a liquid-sending 
pipe (3) while nitrogen gas was injected in the milk in the liquid-sending pipe (3) via a nitrogen gas pipe (7) 
located before a static mixer (10). After that, the nitrogen gas injected in the milk was mixed and dispersed 
uniformly using the static mixer (10) attached to the liquid-sending pipe (3) so that the dissolved oxygen in the 
milk was substituted with the nitrogen gas and then the mixture was transferred to a nitrogen gas substituting tank 
(11) using a liquid-sending pipe (3). 

[0029] The milk in which the nitrogen gas was mixed and dispersed was supplied to a nitrogen gas substituting 
tank (11) of 690 mm diameter x 900 mm under the condition of flow rate of 1,000 liters/hour and nitrogen gas amount 
of 8.2 liters/minute (49% by volume) and flowed down from the liquid-sending pipe (3) in a form of thin film. 
[0030] In order to maintain the nitrogen atmosphere in the nitrogen gas substituting tank (11). it is necessary 
that, immediately after the initiation of the operation, nitrogen gas is continuously supplied into a nitrogen gas 
substituting tank (11). However, in the meanwhile, a direct injection into the milk takes place from the nitrogen 
gas pipe (7) and the nitrogen gas used for the nitrogen gas substitution for the dissolved oxygen in milk was 
released into the nitrogen gas substituting tank (1 1 ) due to the breakage of the foams and the inner area of the 
tank was made in a nitrogen gas atmosphere. Accordingly, even when the supply of the nitrogen gas into the tank was 
ceased, concentration of oxygen of a gaseous phase was kept at about 2.0% by volume during the operation of the 
apparatus. 

[0031] On the other hand, the milk which was not mixed and dispersed with nitrogen gas was sprayed into a 
nitrogen gas substituting tank (11) in a nitrogen atmosphere using spraying nozzles (13) so that the nitrogen gas 
substitution of the sprayed drops was carried out and, at the same time, foams which were generated therein were 
extinguished. 

[0032] Incidentally, a device of mixing and dispersing the nitrogen gas using a static mixer (10) and a device 
of spraying from the spraying nozzles were carried out at the same time in parallel. 

[0033] With regard to the spraying amount of the milk from the nozzles (13), it was made 330 liters/hour (about 
one-third of the total flow rate) using four spraying nozzles (13) and the spraying pressure was made 0.3-0.4 bar. 
[0034] When substitution with nitrogen gas was carried out under the above conditions, the dissolved oxygen 
concentration in the milk became 1.98 ppm whereby an object of "2 ppm or less" was able to be achieved. In addition 
with regard to the foams in the nitrogen gas substituting tank (11), they were broken or their growth was suppressed 
by the sprayed drops which were sprayed out from the spraying nozzles (13) whereupon the both effects of nitrogen 
gas substitution and defoaming were resulted. The fine foams in the nitrogen gas substituting tank (1 1) were held 
for about 5 minutes in the nitrogen gas substituting tank (11) whereby they were able to be removed to such an 
extent that they did not badly affect the next steps such as homogenization and sterilization. The milk which was 
substituted with nitrogen gas was sent in a direction of an arrow (14a) by driving the revolution-controlled liquid 
sending pump (15) by a liquid sending pipe (14) installed at the bottom of the nitrogen gas substituting tank (11) 
preheated at 80-90°C by a plate sterilizer (17), homogenized by a homogenizer (20), then sent to a plate sterilizer 
(17) again to sterilize at 130°C for 2 seconds and filled in containers using a filling machine (not shown) to give 
a product. 



Example 2. 



[0035] The same nitrogen gas substitution as in Example 1 was carried out except that milk containing about 1 0 
ppm of the dissolved oxygen was used and the flow rate was made 12,000 liters/hour using a 2 000-liter nitrogen 
gas substituting tank ( 1 1 ). 

[0036] The result was that, when 40% by volume of nitrogen gas to the milk were injected and the concentration 
of oxygen of a gaseous phase in the nitrogen gas substituting tank (11) was 4.0% by volume or less, then amount of 
the dissolved oxygen in the milk became 1.98 ppm which was "2 ppm or less". Further, when about 6% of the prepared 
material milk which was not subjected to a nitrogen gas substitution was sprayed, growth of the foams in the 
nitrogen gas substituting tank (1 1) was able to be suppressed. Furthermore, when the milk which was subjected to a 
nitrogen gas substitution was held for 3 minutes in the nitrogen gas substituting tank (11), entrainment of fine 
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i r^p>n gas substituting tank (11) was able to be preventell 



m 



w 



15 



20 



25 



30 



foams in the outlet of the i ^ 

.i? 03 ! 1 \ J he J* Which ^ s sheeted to a nitrogen gas substitution as per the above method was supplied f 10 000 
hters/hour) to a sterilizer, pre-heated and held at 80-90°C, homogenized and sterilized at 13CTC fo 2 T^mS 
h2tan^?rn * "P 8 ^ 0 " of fine foams «™ the milk substituted with nitrogen gaTthe ove?alf' 

wp?1 ^°^ ents (f at three parts of the sterilizer were measured and their changes with a SLe of time 

:^^sl^^ " 2 R9 - 3 - * 2 * 3 «** - * « example where no 
[0038] In Fig. 3. an example where a nitrogen gas substitution was carried out is shown 

SSSontc JIk S l PPar t nt ^ FiQ -- 2 and Fi9 ' 3 are C0 "Wed that, in Fig. 3, the overall heat transfer 
coefficients at the three heated parts in the during the continuous operation for about 6 hours were nearly same as 

tne S heat EST 2* 2 T nitf ° 9en 938 su »°n was carried out and that the tenancy o dlreTseln 

SIIKiSTTS COeffic,ent T rth \ lapSe ° f time near, y the same - Accordingly, in the nitrogen gas 
fnn ^ ? the previous step, the fine foams were separated so as not to disturb the operation of the sterilizer 

E!Smn„- h> the ' 8 was " either foamin 9 in the preheating and holding tank nor change in the pressure in 

the homogenizer and it was possible to operate all of the steps in a very stable condition pressure in 

nmf nLn«„ ^ e abov e- mentione d substitution with nitrogen gas. evaluations of the sterilized milk by an 
are as t£ * * phys,c °- chemical ana, V sis wa ' a carried out. Evaluating methods and the results thereof 

1 Evaluating Method by Organoleptic Test. 

I0 ,, 042 L .u A duo .: trio test Anv of samples was submitted as a control and then two kinds of samples were submitted 
whereby the panel.st was asked to choose a sample which was believed to be same as the control subm,tted 
[0043] When this test was carried out by 30 panelists and 20 or more answered correctly it was evaluated that 
there was a significant difference between the two samples. evaluated that 

£m 4 l tn *^i Pair J eS I- f waetness ' fragrance, etc. were compared between the samples using a seven-step yardstick 
from -3 to + 3. Incidentally, the result used the data of the only panelists who answered correctfy in the duo trie f test 

Results: 

Seance bettnteto s^mptes""" *^ * Pane ' iStS am ° n9 3 ° WaS 3 Si9nffiCant 

[0046] A pair-test. The result is shown in the following Table 1 . Table 1 is a result of evaluation of an 
organoleptic test for the milk which was substituted with nitrogen gas. 

Table 1 (Pair Test) 



JO 




Milk Flavor 


Sweetness 


Fattiness 


Smoothness 


Freshness 


Throat- 


After-Taste 


Overall 




Control 


0 


0 


0 


0 




through 
fleeting 




Evaluation 


40 


Nitrogen 
Gas 

Substituted 
Milk 


0.22 


-0.74 


-0.98 


0.15 


0 
0.18 


0 
0.45 


0 
0.98 


0 
0.18 



45 [0047] The result of Table 1 shown by a graph is given in Fig. 4. 

[0048] As ^ result of a duo-trio test, it was confirmed that there was a significant difference between the 

* ? Ste " liZe u d m " k 3nd the conventiona 'ly sterilized milk (control) and that, as compared 
^^^^Jt^h^ t- T d a r d StefiliZed pr ° dUCtS Showed P articular excellence in terms of P 
Arrn hI^i, > r ^ fee " n9 and excellence in ter ™ of milky flavor, freshness and smoothness as well 

so Accordingly, it was clarified by a pa.r test that the product of the present invention was superior as a whole 

2. Evaluating Method by Physico-Chemical Analysis. 

[0049] Dimethyl sulfide and dimethyl disulfide which were the representative substances for the resulting heat 

55 l^rrr 1 H°° C f ° r I Se ,T dS Wefe meaSured b * means of a GC/MS < a haa < space method) and 
55 compared. The result is shown in the following Table 2. ' 
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Table 2 



(Comparative Analysis with Milk Substituted with Nitroqen Gas) 




Raw Milk 


Sterilization after 
Substituting with Nitrogen 


Conventional 
Sterilization 


Dimethyl Sulfide 


393 x 
10 3 


583 x10 3 


820 x10 3 


Dimethyl Disulfide 




28x10 3 


48 x 10 3 



10 



15 



20 



22L wac ll? 6 Whi ° h was J substituted with nitr °9en gas, generation of dimethyl sulfide and dimethyl 
organofeplc • tS " ^ ^ COmeM ^ sterilized ^ a " d that supports the result of the 
[0051] As such, in accordance with the method of the present invention, even when milk was sterilized at 1 30°C 
^in^ n ? S ' the , t6St r6SUlt f ° r the teSte showed that the taste was same as that when steTSor^ was done 
the taste wJ^T ratUre tha V'* aCtUal Sterilizing temperature (thus, production of sCS ^ wasTe^ wherlby 
S !tS w b .e 'mproved. In addrtion, production of foams and entrapment of a sterilizer were prevented 
whereby a stable sterilizing operation was able to be carried out continuously prevented 

SSL r R nn^T ta ^ th is sample the ™"< which was substituted with nitrogen gas was held in a tank for 3 
not h5f J£ h } k ' r,? f ,l o POSS ' b,e t0 Separate the f,ne foams to such an extent t^t the next step is 
™ J£3h T ^ h n^ h , e . ld f ° r ? mmutes (40 ° liters > or more - * is believed ^at, in the manufacture a tank in 
smaller s.ze than a 2,000-liter tank is sufficient in the case of treatment at 12,000 liters/hour. 

Example 3. 

25 [0053] This is an apparatus for substitution of milk or the like with nitrogen gas in which a nitroaen aas 
subs rtuting tank (1 1 ) connected by a material tank (1 ) and a liquid-sending pipe (3) is insSed a nrtrogen gas 
Pipe (7). a nitrogen gas tank (8a) and a flowmeter (5c) are connected at the side of the material tank (1) as a 
device for supplying the nitrogen gas; a nitrogen gas mixing/dispersing device (10) is located at the side of the above 
sl°?mnt 9 t a h S .nit bSt,tUt,n9 ^ °}^' ° f * brS>nChed '^'^ding , pipe (9) which is connected nl the upstream 

30 fniV* urln i . 938 P ' pe U l ° f the nitrogen gas su PP'yin9 device (8) of the liquid-sending pipe (3) J 3 *™*™ 

ntroduced into a nrtrogen gas substituting tank; spraying nozzles (13) are installed at the said part and each of 

6a 3 ( l 3 8b/ nitr ° 9en 935 ^ (?) afe 6qUiPPed With fl ° W -tecontrorva^s h (1 f b. 
[0054] Now the operation of this apparatus will be explained as follows 

S M „ J he material < 2 > was transferred from a material tank (1) by a liquid-sending pump (1a) passing through a 
dflSn «lh nlt K gen gas substituting tank (11) by a liquid-sending pipe (3). The material (2) was sentfn a 
SS^h k °. bV T arr0V T (4) Wh " e the flow rate in the "Quid-sending pipe (3) was measured by a flowmeter 
con tS USE brCnnf 5 "' 1 there ° f ' thS fl ° W rate WaS adjUSted 10 3 ^determined one by means of aTw rate 
™! ♦ i? ( T"? en n 5 r09en aas was sent lnto a liquid-sending pipe (3) by a nitrogen gas supplying device (8) 
fl^meter rtf J'n^'t 86 ^'" 9 ^ (3) " The am ° Unt ° f n,tr0gen gaS which was" sent thereinto was measured by a 
^SLSS, T 1 T" the measured resu| t. the supplying amount of the nitrogen gas was controlled to a 

predetermined amount by a flow rate control valve (6b). After that, the nrtrogen gas sent into the liquid-sendina Pipe 

stTredfnTnlSe'n ~* * * *" ^ 

l £°? 6 - , u- u fter that ' a material which was not mixed with nitrogen gas was sprayed from the upper part of the 
material which was mixed and dispersed with nitrogen gas stored in the nitrogen gas substituting tank (11 )in a 

SlSrS^ b ^ 9 n0Z2 ' eS (13) inSta " ed af the u PP er °P enin 9 of the nitrogen gas substituting 
tank (10) by a branched l.qu.d-send.ng pipe (9). The stored material was mixed and dispersed with nitroaen aas bv a 
static mixer (10) whereby it was in a foamed state. »h«'««j wun nitrogen gas Dy a 

material SUbstitUted with nitr °gen gas was stored in a nitrogen gas substituting tank (11) and the 
50 W3S "L SUC . h I State th3t many Sma " and big foams were floa ted thereon. The materia in wh"ch 

nitrogen gas was mixed and dispersed was continuously sent from a liquid-sending pipe (3) whereby foamTof nitroaen 

^S^^ZSET* ^ nitr ° 9en 935 ^ bV ^ f ° amS wL re,eaSed «* the"" 096 " 
[0058] When spraying was carried out from spraying nozzles (13) onto the foams stored in a nitrogen gas 
55 Sf 9 U l n i tenk (1 1 > 'V nit ??r a,mos P ha ^, sprayed drops were resulted whereby a nitrogen gas Sitution took 
D Lfo a m ThntT^ ^ T l ° the f ° amS whereu P° n »e simultaneously foamed foams were broken to 

defoam. Thus, in the sprayed material, nitrogen was not injected thereinto and, therefore, it became sprayed drops 
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nl?rn n2n ™ £1 foam *W eak the foams whereupon the defoaming function wWell achieved. In addition 
nitrogen gas foams which was excessively injected floated on the liquid surface and, with a lapse of time the foams 
were naturally broken and nitrogen gas and oxygen or air carried in the foams or in he material we releasee in 7 
nitrogen gas subst.tut.ng tank (11) resulting in a condition of nitrogen atmosphere in the nitrogen g2 substirutino 
Jheope^ (6C) WaS k6pt ° pen during the °P eration of this a "> aratus ^ile rt^doSo Sen 

i?,hSLinn i^Sft *1 f ° amS 9 . e ?f rated by a substitution with nitrogen gas did not overflow from the nitrogen gas 
subst.tut.ng tank (1 1) but were qu.ckly defoamed by both means of natural breakage and destruction by collision of 
sprayed drops whereby, when the material stored at the lower part of the nitrogen gas substituting tank (1 1 ) was 
sent to the next step, that did not badly affect the next step. 

'" cidental| y. de 9 ree of foaming and defoaming of the material sprayed out from the spraying nozzles (13) 

Z ul^^^T *♦ % nat i\ r ? ° f the material and ' there fore, amount of the material was to be appropriately 
adjusted so that it did not affect the treatment in the next step. H^upnaieiy 

[0061] The nitrogen gas substituting tank (11) also had a function as a holding tank for the material wherein 
nitrogen gas was mixed and dispersed by the static mixer (10) and. therefore, the size of the tank was to be 
considered in connection with the degree of capability of the sterilizing treatment in the next step Thus the 
surface of the stored liquid was covered by the foamed foams. Due to destruction by sprayed drops and with a lapse 
of time, the foams were naturally and gradually broken. Accordingly, it was necessary to set and select the holding 
£ hT 6 ,n vt su t ch | aman " er that r etent.on «me necessary for breakage of the foams was secured until no bid affection 
to the next sterilizing step was resulted by a progress of destruction of the foams with a lapse of time 

100621 . , *u AS ? U ° h ' K WaS necessar V to conduct the operation after adjusting the mutual conditions for injection 
amount of the nitrogen gas, amount of the liquid sent to the liquid-sending pipe, numbers of element of the static 
mixer (10). size of holes of the spraying nozzles (13), numbers of the spraying nozzles (13). holding capacity of 
the nitrogen gas substituting tank (11). etc. depending upon the nature of the product (2). 

l?° 63 L . Whe " th , 6 -° amS W6re br0ken and disappeared until such an extent that no bad affection will be resulted in 
IhI P f \l rev ° lutlon controlled liquid-sending pump (15) was driven by a liquid-sending pipe (14) installed at 

the bottom of the nrtrogen gas substituting tank (11) and the material substituted with nitrogen gas was sent in the 

*^°"°n, an ^ (14a) ' ta J kW ? te WaS measured b y a flowmeter (5d) and an automatic control was carried out 
depending upon the measured result in sending the liquid to a plate sterilizer (17) to preheat After that it was 
homogenized in a homogenizer (20), sent to a plate sterilizer (17) again to sterilize and sent to a filling step 
(not shown) by a liquid-sending pipe to fill whereupon a product was prepared 



Advantage of the Invention 



[0064] In accordance with the present invention, even when a sterilizing treatment is carried out at the 
stenlizing temperature of 1 30"C for 2 seconds, amount of the sulfides generated thereby is suppressed to the same 
degree as the stenl.zat.on .s carried out at 10-15°C lower than the actual sterilizing temperature Accordingly 
the sterilization which is necessary and sufficient for a long-term storage can be carried out and in addition 
generation of the sulfides can be made small whereby there is an advantage of improving the taste Moreover ft is 
possible to produce beverage such as milk at a low cost without apparatus in a large size 



Claims 



1 . In a method for sterilization where dissolved oxygen in milk or the like is substituted with nitrogen gas a 
method for sterilization where dissolved oxygen in milk or the like is substituted with nitrogen gas which' is 
characterized in that M 

(1) a means in which nitrogen gas is directly mixed with and dispersed in milk or the like and 

(2) a means in which milk or the like with which nitrogen gas is not mixed is sprayed from at least one 
nozzle to the top of milk or the like with and in which nitrogen gas has been mixed and dispersed by the 
means in the above (1), stored in a nitrogen gas substituting tank under a nitrogen gas atmosphere 
are jointly used whereby the dissolved oxygen amount in the milk or the like is reduced by means of 
substitution of the dissolved oxygen with nitrogen gas. followed by subjecting to sterilization 



2. The method for sterilization where the dissolved oxygen in milk or the like is substituted with nitrogen gas 
according to claim 1. wherein the sterilization is carried out by making the dissolved oxygen amount in milk or 
the like 2 ppm or less. 

3. The method for sterilization where the dissolved oxygen in milk or the like is substituted with nitrogen gas 
according to claim 1 . wherein the means for mixing and dispersing of the nitrogen gas is a static mixer. 

4. A product of milk or the like which is manufactured by a sterilizing method mentioned in any of claims 1 to 3. 
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lnZ2*T t0S t l 0r S t u ^ utin 9 the dissolved in milk or the like with nitrogen gas. a substituting 

™^ J? k V th ,V' k f r th nitrogen 935 Whicn is characterized in that a nitrogen gas substituStank 
connected to a material tank by a liquid-sending pipe is installed, a nitrogen gas supplying device is connected 

ns Sed at 5 S T - t ^ ° f ** materia ' tenk While a nit ' oae " ° as Sg/dispe^ng de^e t 
plS ^conneSed ?t£ liKEST" T B " brtMh «' tank ' another e " d **• branched liquid^ending 
intr^ir fES? I u P strea m side from the n.trogen gas-supplying device of the liquid-sending pipe is 
221 £2hT a n ' tr °9 en 9as-subst,tuting tank, a spraying nozzle is connected to the said part and each of the 
^r c o l ZSdevice P,PeS ' nrtr ° 9en 933 SUPP,yin9 d6ViCe 3 COnnectin9 bran <** d P'Pe* ^nalow 

The substituting apparatus for milk or the like with nitrogen gas according to claim 5 wherein the 
mixing/dispersing device for the nitrogen gas is a static mixer wnerein tne 

In^.r bSti H UtinS apparatus for milk or the ,ike with nitrogen gas according to claim 5. wherein the flow rate 
controlling device is a flow rate controlling valve. "wuihiiwhh 
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